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Abstract 
Purpose 

To provide a sensor signal transmission method and device that allows easy remote 
measurement of the prescribed physical state in a prescribed isolated region without the need of 
setting a conduit or protective case for extracting cables and without the need of burying and 
setting batteries for driving the sensor. 

Constitution 

The device has the following parts: AC power supply (1) set outside the isolated region, 
first coil (2) for generating an alternating magnetic field from the electromotive force of said AC 
power supply (1), second coil (3) for generating an induced electromotive force from the 
alternating magnetic field generated with said first coil (2), third coil (4) for generating an 
alternating magnetic field again from the electric power generated on the output side of sensor 
(13) in conjunction with application of the induced electromotive force generated by said second 
coil (3), fourth coil (5) for generating an induced electromotive force again from the alternating 
magnetic field generated by said third coil (4), and a transmission characteristics measurement 
means that measures the electrical transmission characteristics from first coil (2) to fourth 
coil (5). 
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Claims 

1 . A sensor signal transmission method characterized by the following facts: 
change in a prescribed physical state generated in an object to be tested located in a 

prescribed isolated region is detected with a prescribed sensor placed at the key site of the object 
to be tested, and the sensor signal obtained from said sensor is remotely transmitted out of the 
isolated region; in this case, 

a prescribed AC power source is used to generate an alternating magnetic field outside 
said isolated region; 

said alternating magnetic field generates an induced electromotive force inside said 
isolated region, and this is used as the electric power to drive said sensor; 

the electric power produced on the output side of said sensor in conjunction with 
application of said driving electric power again generates an alternating magnetic field; 

the alternating magnetic field again generates an induced electromotive force outside said 
isolated region, and a property of the induced electromotive force is used as the parameter for 
determining the presence/absence of change in the physical state of said object to be tested. 

2. The sensor signal transmission method described in Claim 1 characterized by the fact 

that 

said sensor is a prescribed impedance element. 

3. The sensor signal transmission method described in Claim 2 characterized by the fact 

that 

said impedance element is a resistance element whose DC resistance component varies 
corresponding to change in the physical state of said object to be tested, 
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and determination of the presence/absence of change in said object to be tested is 
performed on the basis of the ratio of the voltage of said AC power source to the induced 
electromotive force serving as said parameter. 

4. The sensor signal transmission method described in Claim 3 characterized by the fact 

that 

the pure resistance component of said resistance element varies corresponding to the 
strain of said object to be tested. 

5. The sensor signal transmission method described in Claim 3 characterized by the fact 

that 

the pure resistance component of said resistance element varies corresponding to change 
in the temperature of said object to be tested. 

6. The sensor signal transmission method described in Claim 2 characterized by the 
following facts: 

said impedance element is a capacitive element whose capacitance component varies 
corresponding to change in the physical state of said object to be tested; at the same time, 
the frequency of said AC power source is adjustable; 

and determination of the presence/absence of change in the physical state of said object to 
be tested is performed on the basis of the frequency of said AC power source when the voltage 
ratio of said AC power source to said induced electromotive force serving as the parameter 
becomes the maximum. 

7. The sensor signal transmission method described in Claim 6 characterized by the fact 

that 

the pure resistance component of said capacitive element varies corresponding to the 
strain of said object to be tested. 

8. The sensor signal transmission method described in Claim 6 characterized by the fact 

that 

the pure resistance component of said capacitive element varies corresponding to the 
change in the temperature of said object to be tested. 

9. A type of sensor signal transmission device characterized by the following facts: 
when change in a prescribed physical state generated in an object to be tested located in a 

prescribed isolated region is detected with a prescribed sensor placed at the key site of the object 
to be tested, the sensor signal transmission device is used to make a remote transmission of the 
sensor signal obtained from said sensor out of the isolated region; 

the sensor signal transmission device has the following parts: 

a prescribed AC power source placed outside the isolated region, 
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a first coil that is electrically connected to said AC power source and generates an 
alternating magnetic field from the electromotive force of said AC power source, 

a second coil, which is set within said isolated region such that its magnetic coupling with 
said first coil is maximal, and which generates an induced electromotive force from the 
alternating magnetic field generated by said first coil, 

a third coil, which is electrically connected to said second coil through said sensor, and 
which at the same time is positioned such that its magnetic coupling with said second coil is 
minimal, and which again generates an alternating magnetic field from the electric power 
produced on the output side of the sensor in conjunction with application of the induced 
electromotive force generated by said second coil, 

a fourth coil, which is arranged outside said isolated region such that the magnetic 
coupling with said third coil is maximal while the magnetic coupling with said first coil is 
minimal, and which again generates an induced electromotive force from the alternating 
magnetic field generated by said third coil, 

and a transmission characteristics measurement means that measures the electrical 
characteristics of transmission from the first coil to said fourth coil. 

10. The sensor signal transmission device described in Claim 9 characterized by the fact 
that said first coil, fourth coil, and transmission characteristics measurement means are 
accommodated in a single case. 

1 1 . The sensor signal transmission device described in Claim 9 or 10 characterized by the 
fact that 

said transmission characteristics measurement means is composed of 
a first AC voltmeter connected to the terminal leads of said first coil, 
a second AC voltmeter connected to the terminal leads of said fourth coil. 

12. The sensor signal transmission device described in Claim 9, 10, or 1 1 characterized 
by the fact that 

said first through fourth coils jointly form a solenoid shape. 

13. The sensor signal transmission device described in Claim 12 characterized by the 
following facts: 

said first coil and said fourth coil are oriented such that their central axes are orthogonal 
to each other in the same plane, 

and said second coil and said third coil are oriented in the same relative configuration as 
that of said first coil and said fourth coil. 

14. The sensor signal transmission device described in Claim 13 characterized by the fact 

that 

said first coil is arranged symmetrically with respect to the central axis of said fourth coil. 
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15. The sensor signal transmission device described in Claim 13 characterized by the fact 

that 

said fourth coil is set symmetric with respect to the central axis of said first coil. 

16. The sensor signal transmission device described in Claim 9, 10, 1 1, 12, 13, 14, or 15 
characterized by the fact that 

said sensor comprises a prescribed impedance element. 

17. The sensor signal transmission device described in Claim 16 characterized by the fact 

that 

said impedance element comprises a resistance element whose DC resistance varies 
corresponding to the change in the physical state of said object to be tested. 

18. The sensor signal transmission device described in Claim 17 characterized by the fact 

that 

said resistance element is connected in series between said second coil and said third coil. 

19. The sensor signal transmission device described in Claim 17 characterized by the fact 

that 

said resistance element is connected in parallel between said second coil and third coil. 

20. The sensor signal transmission device described in Claim 17, 18, or 19 characterized 
by the fact that 

said resistance element comprises an element whose pure resistance component varies 
corresponding to the strain of said object to be tested. 

21. The sensor signal transmission device described in Claim 17, 18, or 19 characterized 
by the fact that 

said resistance element comprises an element whose pure resistance component varies 
corresponding to the change in temperature of said object to be tested. 

22. The sensor signal transmission device described in Claim 16 characterized by the fact 

that 

said impedance element comprises a capacitive element whose capacitance component 
varies corresponding to the change in the physical state of said object to be tested. 

23. The sensor signal transmission device described in Claim 22 characterized by the fact 

that 

said capacitive element is connected in series between said second coil and said third 

coil. 

24. The sensor signal transmission device described in Claim 22 characterized by the fact 

that 

said capacitive element is connected in parallel between said second coil and said third 

coil. 
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25. The sensor signal transmission device described in Claim 22, 23, or 24 characterized 
by the fact that 

said capacitive element comprises an element whose pure resistance component varies 
corresponding to the strain of said object to be tested. 

26. The sensor signal transmission device described in Claim 22, 23, or 24 characterized 
by the fact that 

said capacitive element comprises an element whose pure resistance component varies 
corresponding to change in the temperature of said object to be tested. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

The present invention pertains to a sensor signal transmission method and device. More 
specifically, the present invention pertains to a sensor signal transmission method for remote 
measurement of the strain or temperature (hereinafter to be referred to as "physical state") in an 
object buried in the ground or in a structure or an underground foundation (hereinafter to be 
referred to as an "isolated region"), as well as the sensor signal transmission device used for 
embodiment of said sensor signal transmission method. 

[0002] 
Prior art 

Usually, electrical wiring, communication wiring, and other wiring, as well as gas 
pipelines, water pipelines, air conditioner pipes, and other pipelines (hereinafter to be referred to 
as "pipelines, etc.") are buried underground or inside walls, floors, ceilings, etc., of structures. 
Consequently, in the event of deformation of the foundation and structures due to earthquakes or 
foundation sinking, etc., distortion and vibration take place in the buried pipelines, etc., so that 
they may break. In particular, for said electrical wiring, communication wiring, and other buried 
energized cables, the electrical resistance increases locally due to external stress from 
earthquakes, penetration of water, etc. As a result, current concentrations occur, leading to 
heating or even fires. 

[0003] 

In addition to said pipelines, etc., there is also a danger of collapse of tunnel wall surfaces 
and other reinforced slopes, cliffs, breakwaters, seawalls, and other civil engineering 
constructions, due to earthquake vibrations or stress concentrations due to variation in the soil 
pressure. 
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[0004] 

Consequently, there has been demand for development of a method measuring strain or 
temperature in these buried underground objects or in structures as well as in underground 
foundations. In the prior art, the following schemes are usually adopted: (1) a sensor is fixed on 
the object to be tested, and the desired sensor signal from the output terminal of the sensor is led 
out by means of a cable to above ground; (2) the desired sensor signal is transmitted by wireless 
means. 

[0005] 

Problems to be solved by the present invention 

In said scheme (1) using a cable, however, it is necessary to install a conduit for guiding 
the cable above ground. Also, at the road where the cable is led out, it is necessary to install a 
small sturdy protective case so that no damage is caused by passing vehicles and said cable does 
not cause a traffic hazard. This is undesirable. 

[0006] 

On the other hand, although there are no such problems with said scheme (2), it is 
necessary to provide and bury the batteries needed to drive the sensor. Because the batteries have 
a limited lifetime, long-term use is impossible. This is undesirable. 

[0007] 

The main purposes of the present invention are as follows. The first purpose is to provide 
a sensor signal transmission method and device that enables easy remote measurement of the 
prescribed physical state in the prescribed isolated region without the need to install a conduit or 
protective case for leading out the cable. 

[0008] 

The second purpose of the present invention is to provide a sensor signal transmission 
method and device that enables easy remote measurement of the prescribed physical state in the 
prescribed isolated region without the need to provide and bury batteries for driving the sensor. 

[0009] 

The other purposes of the present invention are self-evident from the description in the 
specification and figures, and especially in the various claims. 
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[0010] 

Means to solve the problems 

According to the present invention, in order to solve the aforementioned problems the 
scheme has the following characteristic features: in the isolated region, in addition to the 
necessary sensor, two coils are provided and electrically connected to said sensor; one of these 
coils generates an induced electromotive force due to the magnetic field provided from yet 
another coil provided on the outside (outside the isolated region), and this induced electromotive 
force serves as the power source for driving said sensor; on the other coil, an alternating 
magnetic field is generated by the electric power produced on the output side of said sensor in 
conjunction with application of said induced electromotive force, and said alternating magnetic 
field is received by said other coil arranged outside the isolated region. 

[0011] 

More specifically, in order to solve said problems, the present invention adopts the novel 
constitutional methods and means listed in the following to realize these objectives. 

[0012] 

That is, as characteristic feature 1 of the method of the present invention, the present 
invention provides a sensor signal transmission method characterized by the following facts: 
change in a prescribed physical state generated in an object to be tested located in a prescribed 
isolated region is detected with a prescribed sensor placed at the key site of the object to be 
tested, and the sensor signal obtained from said sensor is remotely transmitted out of the isolated 
region; in this case, a prescribed AC power source is used to generate an alternating magnetic 
field outside said isolated region; said alternating magnetic field generates an induced 
electromotive force inside said isolated region, and this is used as the electric power to drive said 
sensor; the electric power produced on the output side of said sensor in conjunction with 
application of said driving electric power generates again an alternating magnetic field; the 
alternating magnetic field again generates an induced electromotive force outside said isolated 
region, and a property of the induced electromotive force is used as the parameter for 
determining the presence/absence of change in the physical state of said object to be tested. 

[0013] 

As characteristic feature 2 of the method of the present invention, the present invention 
pertains to the sensor signal transmission method described in said characteristic feature 1, 
characterized by the fact that said sensor is a prescribed impedance element. 
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[0014] 

As characteristic feature 3 of the method of the present invention, the present invention 
pertains to the sensor signal transmission method described in characteristic feature 2, 
characterized by the fact that said impedance element is a resistance element whose DC 
resistance component varies corresponding to change in the physical state of said object to be 
tested, and determination of the presence/absence of change in said object to be tested is 
performed on the basis of the ratio of the voltage of said AC power source to the induced 
electromotive force serving as said parameter. 

[0015] 

As characteristic feature 4 of the method of the present invention, the present invention 
pertains to the sensor signal transmission method described in characteristic feature 3, 
characterized by the fact that the pure resistance component of said resistance element varies 
corresponding to the strain of said object to be tested. 

[0016] 

As characteristic feature 5 of the method of the present invention, the present invention 
pertains to the sensor signal transmission method described in characteristic feature 3, 
characterized by the fact that the pure resistance component of said resistance element varies 
corresponding to change in the temperature of said object to be tested. 

[0017] 

As characteristic feature 6 of the method of the present invention, the present invention 
pertains to the sensor signal transmission method described in characteristic feature 2, 
characterized by the following facts: said impedance element is a capacitive element whose 
capacitance component varies corresponding to change in the physical state of said object to be 
tested; at the same time, the frequency of said AC power source is adjustable; and determination 
of the presence/absence of change in the physical state of said object to be tested is performed on 
the basis of the frequency of said AC power source when the voltage ratio of said AC power 
source to said induced electromotive force serving as the parameter becomes the maximum. 

[0018] 

As characteristic feature 7 of the method of the present invention, the present invention 
pertains to the sensor signal transmission method described in characteristic feature 6, 
characterized by the fact that the pure resistance component of said capacitive element varies 
corresponding to the strain of said object to be tested. 
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[0019] 

As characteristic feature 8 of the method of the present invention, the present invention 
pertains to the sensor signal transmission method described in characteristic feature 6, 
characterized by the fact that the pure resistance component of said capacitive element varies 
corresponding to the change in the temperature of said object to be tested. 

[0020] 

On the other hand, as characteristic feature 1 of the device of the present invention, the 
present invention provides a type of sensor signal transmission device characterized by the 
following facts: when change in a prescribed physical state generated in an object to be tested 
located in a prescribed isolated region is detected with a prescribed sensor placed at the key site 
of the object to be tested, the sensor signal transmission device is used to make a remote 
transmission of the sensor signal obtained from said sensor out of the isolated region; the sensor 
signal transmission device has the following parts: a prescribed AC power source placed outside 
the isolated region, a first coil that is electrically connected to said AC power source and 
generates an alternating magnetic field from the electromotive force of said AC power source, a 
second coil, which is set within said isolated region such that its magnetic coupling with said 
first coil is maximal, and which generates an induced electromotive force from the alternating 
magnetic field generated by said first coil, a third coil, which is electrically connected to said 
second coil through said sensor, and which at the same time is positioned such that its magnetic 
coupling with said second coil is minimal, and which again generates an alternating magnetic 
field from the electric power produced on the output side of the sensor in conjunction with 
application of the induced electromotive force generated by said second coil, a fourth coil, which 
is arranged outside said isolated region such that the magnetic coupling with said third coil is 
maximal while the magnetic coupling with said first coil is minimal, and which again generates 
an induced electromotive force from the alternating magnetic field generated by said third coil, 
and a transmission characteristics measurement means that measures the electrical characteristics 
of transmission from the first coil to said fourth coil. 



[0021] 

As characteristic feature 2 of the device of the present invention, the present invention 
pertains to the sensor signal transmission device described in characteristic feature 1 of the 
device, characterized by the fact that said first coil, fourth coil, and transmission characteristics 
measurement means are accommodated in a single case. 
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[0022] 

As characteristic feature 3 of the device of the present invention, the present invention 
pertains to the sensor signal transmission device described in characteristic feature 1 or 2 of the 
device, characterized by the fact that said transmission characteristics measurement means is 
composed of a first AC voltmeter connected to the terminal leads of said first coil and a second 
AC voltmeter connected to the terminal leads of said fourth coil. 

[0023] 

As characteristic feature 4 of the device of the present invention, the present invention 
pertains to the sensor signal transmission device described in characteristic feature 1, 2, or 3 of 
the device, characterized by the fact that said first through fourth coils jointly form a solenoid 
shape. 

[0024] 

As characteristic feature 5 of the device of the present invention, the present invention 
pertains to the sensor signal transmission device described in characteristic feature 4 of the 
device, characterized by the following facts: said first coil and said fourth coil are oriented such 
that their central axes are orthogonal to each other in the same plane, and said second coil and 
said third coil are oriented in the same relative configuration as that of said first coil and said 
fourth coil. 

[0025] 

As characteristic feature 6 of the device of the present invention, the present invention 
pertains to the sensor signal transmission device described in characteristic feature 5 of the 
device, characterized by the fact that said first coil is arranged symmetrically with respect to the 
central axis of said fourth coil. 

[0026] 

As characteristic feature 7 of the device of the present invention, the present invention 
pertains to the sensor signal transmission device described in characteristic feature 5 of the 
device, characterized by the fact that said fourth coil is arranged symmetrically with respect to 
the central axis of said first coil. 

[0027] 

As characteristic feature 8 of the device of the present invention, the present invention 
pertains to the sensor signal transmission device described in characteristic feature 1, 2, 3, 4, 5, 6, 
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or 7 of the device characterized by the fact that said sensor comprises a prescribed impedance 
element. 

[0028] 

As characteristic feature 9 of the device of the present invention, the present invention 
pertains to the sensor signal transmission device described in characteristic feature 8, 
characterized by the fact that said impedance element comprises a resistance element whose DC 
resistance varies corresponding to the change in the physical state of said object to be tested. 

[0029] 

As characteristic feature 10 of the device of the present invention, the present invention 
pertains to the sensor signal transmission device described in characteristic feature 9 of the 
device, characterized by the fact that said resistance element is connected in series between said 
second coil and said third coil. 

[0030] 

As characteristic feature 1 1 of the device of the present invention, the present invention 
pertains to the sensor signal transmission device described in characteristic feature 9, 
characterized by the fact that said resistance element is connected in parallel between said second 
coil and third coil. 

[0031] 

As characteristic feature 12 of the device of the present invention, the present invention 
pertains to the sensor signal transmission device described in characteristic feature 9, 10, or 1 1 of 
the device, characterized by the fact that said resistance element comprises an element whose 
pure resistance component varies corresponding to the strain of said object to be tested. 

[0032] 

As characteristic feature 13 of the device of the present invention, the present invention 
pertains to the sensor signal transmission device described in characteristic feature 9, 10, or 1 1, 
characterized by the fact that said resistance element comprises an element whose pure resistance 
component varies corresponding to the change in temperature of said object to be tested. 

[0033] 

As characteristic feature 14 of the device of the present invention, the present invention 
pertains to the sensor signal transmission device described in characteristic feature 8 of the 
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device, characterized by the fact that said impedance element comprises a capacitive element 
whose capacitance component varies corresponding to the change in the physical state of said 
object to be tested. 

[0034] 

As characteristic feature 15 of the device of the present invention, the present invention 
pertains to the sensor signal transmission device described in characteristic feature 14 of the 
device, characterized by the fact that said capacitive element is connected in series between said 
second coil and said third coil. 

[0035] 

As characteristic feature 16 of the device of the present invention, the present invention 
pertains to the sensor signal transmission device described in characteristic feature 14 of the 
device, characterized by the fact that said capacitive element is connected in parallel between 
said second coil and said third coil. 

[0036] 

As characteristic feature 17 of the device of the present invention, the present invention 
pertains to the sensor signal transmission device described in characteristic feature 14, 15, or 16, 
characterized by the fact that said capacitive element comprises an element whose pure 
resistance component varies corresponding to the strain of said object to be tested. 

[0037] 

As characteristic feature 18 of the device of the present invention, the present invention 
pertains to the sensor signal transmission device described in characteristic feature 14, 15, or 16, 
characterized by the fact that said capacitive element comprises an element whose pure 
resistance component varies corresponding to change in the temperature of said object to be 
tested. 

[0038] 

Embodiments of the invention 

In the following, embodiments of the present invention will be explained with reference 
to the appended figures. 
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Embodiment 1 

Figures l(a)-(c) are diagrams illustrating the principle of the invention pertaining to 
Embodiment 1. Figure 2 is a diagram illustrating the equivalent circuit of the invention shown in 
Figure 1. Figures 3(a) and (b) are diagrams illustrating the configuration of the first coil and 
fourth coil used in the invention shown in Figure 1 . 

[0039] 

First of all, as shown in Figure 1, the constitution according to the invention pertaining to 
this first embodiment has the following parts: AC power supply (1) arranged outside the isolated 
region, first coil (2) that is electrically connected to said AC power supply (1) and generates an 
alternating magnetic field from the electromotive force of said AC power supply (1), solenoid 
shaped second coil (3) which is arranged within said isolated region such that its magnetic 
coupling with said first coil (2) is maximal, and which generates an induced electromotive force 
from the alternating magnetic field generated by said first coil (2), solenoid shaped third coil (4), 
which is electrically connected to said second coil (3) through resistor R, and at the same time is 
arranged such that its magnetic coupling with said second coil (3) is minimal, and which 
generates an alternating magnetic field again from the electric power generated on the output 
side of resistor R in conjunction with application of the induced electromotive force generated by 
said second coil (3), solenoid shaped fourth coil (5), which is arranged outside said isolated 
region such that the magnetic coupling with said third coil (4) is maximal while the magnetic 
coupling with said first coil (2) is minimal, and which again generates an induced electromotive 
force from the alternating magnetic field generated by said third coil (4), and AC voltmeter (6) 
(second AC voltmeter, as a portion of the "transmission characteristics measurement means"), 
which works as a means for measuring the characteristics of electrical transmission from first 
coil (2) to said fourth coil (5), and which is connected to the output (lead-out terminal) of fourth 
coil (5). 

[0040] 

Resistor R shown in the figure is an equivalent representation of the electrical function of 
the sensor, because the sensor for detecting change in the physical state in the prescribed isolated 
region usually comprises an impedance element. Said resistor R may be connected in parallel 
between second coil (3) and third coil (4). 

[0041] 

As shown in the figure, first coil (2) and fourth coil (5) are arranged such that their 
central axes are orthogonal to each other in the same plane. Also as shown in the figure, second 
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coil (3) and third coil (4) are arranged with their central axes orthogonal to each other in the 
same plane. 

[0042] 

Consequently, when an AC voltage (electromotive force) is applied from AC power 
supply (1) to first coil (2), magnetic field a generated in this case is orthogonal to both the central 
axis of third coil (4) and the central axis of fourth coil (5). As a result, no induced electromotive 
force is generated in them, and the induced electromotive force is only generated in second coil 
(3) arranged with maximal magnetic coupling (parallel orientation). 



[0043] 

That is, due to said induced electromotive force, a current flows through resistor R to 
third coil (4), and a new alternating magnetic field is generated in this coil Then, based on the 
same principle described above, magnetic field p generated in this case is orthogonal to both the 
central axis of first coil (2) and the central axis of second coil (3). Consequently, no induced 
electromotive force is generated in them, and the induced electromotive force is generated only 
in fourth coil (3) [sic; (5)] arranged with maximal magnetic coupling (parallel orientation). 

[0044] 

That is, with regard to the magnetic coupling among the various coils, it is generated only 
between first coil (2) and second coil (3) and between third coil (4) and fourth coil (5), so that 
these respective pairs of coils can be considered transformers. As a result, the constitution shown 
in Figure 1 can be represented by the equivalent circuit shown in Figure 2. 

[0045] 

With reference to this equivalent circuit, when the AC voltage from AC power supply (1) 
is applied to terminals (2a), (2b) of first coil (2), an AC voltage, detected by AC voltmeter (6), is 
induced across terminals (5a), (5b) of fourth coil (5) via second coil (3), resistor R and third coil 
(4). In this case, the electrical transmission characteristics from first coil (2) to fourth coil (5) 
naturally depend on the characteristics of the various elements that form the constitution shown 
in Figure 2. Consequently, when the value of resistor R varies due to changes in the temperature, 
distortion, etc., this variation itself is a change in the transmission characteristics, and it is 
possible by measuring said change in the transmission characteristics to detect the change in the 
temperature, distortion, etc. 
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[0046] 

In the constitution shown in Figure 1, when first coil (2) and fourth coil (5) are arranged 
very near each other, a portion of the generating field of first coil (2) directly generates an 
induced electromotive force in fourth coil (5) without passing through resistor R [sic], so that the 
sensitivity of detection of changes in the value of resistor R decreases. 

[0047] 

The reason for this is as follows. In this type of remote transmission (remote 
measurement), although fourth coil (5) is usually arranged distant from second coil (3) and third 
coil (4), it is placed near first coil (2). Consequently, fourth coil (5) is more likely to be 
influenced directly by magnetic field a of first coil (2) than be magnetic field p generated by 
second coil (3) and third coil (4). 

[0048] 

Consequently, as shown in Figure 3(a), it is necessary to arrange fourth coil (5) 
symmetrically with respect to the central axis of first coil (2) (plane of symmetry SI) so that no 
electromotive force is directly induced in fourth coil (5) due to magnetic field al generated by 
first coil (2), or, as shown in Figure 3(b), it is necessary to arranged first coil (2) symmetrically 
with respect to the central axis of fourth coil (5) (plane of symmetry S2) so that no electromotive 
force is directly induced in fourth coil (5) due to magnetic field a2 generated by first coil (2). 

[0049] 

In the following, the effect of this constitution will be explained. First, in the scheme 
shown in Figure 3(a), magnetic field al generated by the third coil has a leftward axial 
component in the left half of the figure, and a right/leftward [sic; rightward] axial component in 
the right half of the figure with respect to the fourth coil (5), so that opposing induced 
electromotive forces are generated in the left half and right half of fourth coil (5), and they cancel 
each other. As a result, the overall induced electromotive force is zero. On the other hand, in the 
scheme shown in Figure 3(b), magnetic field a2 generated by the third coil always crosses the 
axial component of fourth coil (5) at right angles, so that no induced electromotive force is 
generated in fourth coil (5). 

[0050] 

Embodiment 2 

Figure 4 is a diagram illustrating the equivalent circuit of the invention pertaining to 
Embodiment 2 of the present invention. Figure 5 is an auxiliary diagram illustrating the function 
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of the invention shown in Figure 4. The principle constitution of this sensor signal transmission 
device is the same as that in Embodiment 1 explained above, so that it will not be illustrated with 
figures again. In addition, in Embodiment 2, the same part numbers are adopted to represent the 
same or equivalent parts as those in Embodiment 1 . 

[0051] 

First of all, as shown in Figure 4, in the invention of Embodiment 2, the resistor R in 
Embodiment 1 is replaced by capacitor C. This capacitor C is connected in parallel between 
second coil (3) and third coil (4). In this circuit, there is a resonant frequency determined by the 
inductance of the coil in the circuit and the capacitance of capacitor C. It is well known that said 
resonant frequency is inversely proportional to the square root of the capacitance of capacitor C. 
Consequently, it is possible by detecting said resonant frequency to know the capacitance of said 
capacitor C, and it is possible to detect changes in temperature, distortion, or the like, as 
required. 

[0052] 

Compared with the invention in Embodiment 1, the invention of Embodiment 2 has the 
following advantages. First, according to the invention of said Embodiment 1, the magnetic 
fields generated by first coil (2) and third coil (4) reach second coil (3) and fourth coil (5), 
respectively. However, in this case, the alternating magnetic field is attenuated by the foundation 
and [structural] members present between the coils, and the amount of this attenuation naturally 
varies as a function of the condition of said foundation, etc. Consequently, even if the voltage 
generated in fourth coil (5) is measured, its magnitude includes not only the magnitude of 
resistor R, but also the influence of the foundation, etc. 

[0053] 

On the other hand, in the invention of Embodiment 2, when there is variation in the 
amount of magnetic attenuation due to the influence of the foundation, etc., although the voltage 
generated on fourth coil (5) varies, this merely leads to overall fluctuation of the voltage level, 
while there is no change in the resonant frequency. Consequently, in the invention of 
Embodiment 2, it is possible to further reduce the influence of variations in the characteristics of 
the foundation, etc., as compared with the invention of Embodiment 1. 

[0054] 

According to the invention in Embodiment 2, capacitor C is connected in parallel 
between second coil (3) and third coil (4). Consequently, when compared with the case when 
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capacitor C is connected in series at this site, as shown in Figure 5, it is possible to increase the 
magnetic field generated by third coil (4). 

[0055] 

As shown in Figure 4, the impedance between A and B becomes maximum at the 
resonant frequency of the parallel resonant circuit comprising third coil (4) and capacitor C, and, 
when the voltage at this resonant frequency is produced in said second coil (3), little current 
flows in the second coil, and no voltage drop occurs due to the internal resistance of the coil 
itself. As a result, the voltage applied between A and B is similar to that produced in second coil 
(3). 

[0056] 

On the other hand, as shown in Figure 5, the impedance between A and B is at a 
minimum at the resonant frequency, and in conjunction with this, a large current flows in second 
coil (3) so that a voltage drop occurs due to the internal resistance. As a result, the voltage 
applied between A and B becomes much lower than that produced in second coil (3). In other 
words, by connecting capacitor C in parallel between second coil (3) and third coil (4), it is 
possible to increase the voltage applied to first coil (2). 

[0057] 

Application examples 

In the following, the present invention will be explained in more detail with reference to 
application examples illustrated with figures. 

Example of device in Application Example 1 

Figure 6 is a diagram illustrating the constitution of the sensor signal transmission device 
in Application Example 1 of the present invention corresponding to Embodiment 1. Figure 7 is a 
cross section illustrating the main portion of the sensor signal transmission device shown in 
Figure 6. Also, in the example device of Application Example 1, a device for non-contact 
measurement from above ground of the distortion in the connecting portion of a pipeline made of 
iron and buried in an underground foundation will be explained. 

[0058] 

First of all, as shown in Figure 6, said sensor signal transmission device (10) has the 
following parts as equivalent elements corresponding to the elements explained for Embodiment 
1 : AC power supply (1), first coil (1), second coil (3), third coil (4), fourth coil (5), and AC 
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voltmeter (6). Also, it has AC voltmeter (1 1) connected to the terminals led out from first coil (2) 
(connection points to AC power supply (1)) (in the following explanation, in order to distinguish 
said two AC voltmeters (6) and (11), the AC voltmeter connected to the input side will be 
considered first AC voltmeter (11), and that connected to the output side will be considered 
second AC voltmeter (12) (in the following, part number "6" is not used)). Sensor (13) 
containing an impedance element is connected in parallel between second coil (3) and third coil 
(4). 

[0059] 

Here, first AC voltmeter (11) and second AC voltmeter (12) form the transmission 
characteristics measurement means. This means that in addition to AC power supply (1), first 
coil (2) and fourth coil (5) are accommodated in single case (14), and this case can be carried 
about freely. When in use, said case (14) is placed on ground (15). 

[0060] 

On the other hand, second coil (3) and third coil (4) are buried and arranged together with 
sensor (13) in underground foundation (16). Sensor (13) is fixed astride the joint (17a) between 
first pipeline (17) positioned on the right side of the figure and second pipeline (1 8) positioned 
on the left. 

[0061] 

In the following, sensor (11) will be explained in detail. As shown in Figure 7, strain 
gauge (13a) is used as the prescribed impedance element, wherein the forward [sic; pure] 
resistance component varies according to the strain in the object being measured. One end of the 
strain gauge is directly attached to a portion of joint (17a) of first pipeline (17). The other end is 
attached to a portion of second pipeline (18) via mount (19). With this sensor signal transmission 
device (10), when first pipeline (17) and second pipeline (18) deviate in the longitudinal 
direction, strain gauge (13a) is stretched/compressed, so that its resistance value varies. 

[0062] 

Example of method of Application Example 1 

In the following, the method of measuring distortion between first pipeline (17) and 
second pipeline (18) by means of sensor signal transmission device (10) using this constitution 
will be explained. 
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[0063] 

First of all, immediately after installation and burial of sensor (13), etc., case (14) that 
forms the device outside the isolated region of sensor signal transmission device (10) of the 
present invention is set on ground (15) located above sensor (13) in underground foundation (16) 
in the isolated region. While there is no distortion between first pipeline (17) and second pipeline 
(18), an AC voltage at a prescribed frequency is applied to first coil (2). In this case, the ratio of 
the input voltage to the output voltage is computed from the reading of first AC voltmeter (11) 
and that of second AC voltmeter (12). 

[0064] 

After an earthquake, when it is believed that distortion between first pipeline (17) and 
second pipeline (18) has developed, an AC voltage at the same frequency as aforementioned is 
applied to first coil (2), and said ratio of the input voltage to the output voltage is measured. In 
this case, if the measured input/output voltage ratio is different from that measured initially, it is 
judged that a distortion has occurred between first pipeline (17) and second pipeline (18). 

[0065] 

That is, in this sensor signal transmission method, AC power supply (1) at a prescribed 
frequency is used to generate an alternating magnetic field outside the isolated region, and an 
induced electromotive force is generated in the isolated region by said alternating magnetic field. 
This is used as the electric power to drive strain gauge (13a). In conjunction with application of 
the driving electric power, an alternating magnetic field is generated again from the electric 
power produced on the output side of said strain gauge (13a). 

[0066] 

An induced electromotive force is generated again outside the isolated region by said 
alternating magnetic field. The characteristic feature of the induced electromotive force, that is, 
the output voltage itself, is used as the parameter for determination of the presence/absence of 
distortion between said first pipeline (17) and second pipeline (18). Judgment of the actual 
distortion is performed on the basis of the ratio of the input voltage from AC power supply (1) to 
the output voltage serving as said parameter. 

[0067] 

It is necessary to position first coil (2) in case (14) near the location directly above second 
coil (3) in underground foundation (16), and to position fourth coil (5) in case (14) near the 
location directly above third coil (4) in underground foundation (16), so that the magnetic 
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coupling between first coil (2) and second coil (3) and the magnetic coupling between third coil 
(4) and fourth coil (5) are maximal 

[0068] 

In order to perform this operation with high reliability, after installation and burial of 
second coil (3) and third coil (4) in said underground foundation (16) are complete, marks 
indicating their positions and orientations are applied to ground (15) by means of spray paint or 
the like. When plural pairs of second coil (3) and third coil (4) are respectively arranged together 
with plural sensors (13) on the joints of plural pipelines, one may use only one case (14) as the 
device outside the isolated region of said sensor signal transmission device (10) for measuring 
the plural sites in a shared way. 

[0069] 

In addition to the aforementioned installation operation, one may also adopt the following 
scheme as a simplified method: case (14) in its entirety is slowly rotated horizontally, and the 
point at which the largest reading is obtained from second AC voltmeter (12) is determined. This 
enables placing first coil (2) and second coil (3), and third coil (4) and fourth coil (5), nearly 
parallel to each other, respectively, with maximal magnetic coupling. 

[0070] 

Device example of Application Example 2 

Figure 8 is a cross section of the main portion of the sensor signal transmission device in 
Application Example 2 of the present invention corresponding to Embodiment 2. Since the 
overall constitution of the example device of Application Example 2 is identical to that of 
Application Example 1, the same features will not be explained. In the example device of 
Application Example 2, also, non-contact measurement of distortion in a joint in an iron pipeline 
buried in an underground foundation by means of a device on the ground will be explained. 

[0071] 

As shown in said figure, the impedance element in said sensor signal transmission device 
(20) is capacitive element (23c), which is composed of facing first electrode (23a) and second 
electrode (23b), and the capacitance of which varies according to the distortion of the object to 
be measured. First electrode (23a) is attached to a portion of joint (27a) of first pipeline (27) via 
first mount (29a). 
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[0072] 

Second electrode (23b) is attached to a portion of second pipeline (28) via second mount 
(29b). That is, in this sensor signal transmission device (20), when first pipeline (27) and second 
pipeline (28) deviate from each other in the longitudinal direction, the area of the opposed faces 
of between first electrode (23a) and second electrode (23b) in capacitive element (23c) varies, 
and the capacitance changes. 

[0073] 

Method example of Application Example 2 

In the following, the method of measuring the actual distortion between first pipeline (27) 
and second pipeline (28) by means of sensor signal transmission device (20) will be explained. 
Figure 9 is a diagram illustrating the frequency characteristics of the input/output voltage ratio 
for illustrating the sensor signal transmission method pertaining to Application Example 2. 

[0074] 

When an AC voltage is applied to first coil (2) of this sensor signal transmission device 
(20), the magnetic field generated reaches second coil (3) to generate an induced electromotive 
force. Then, just as in said Application Example 1, energy is sequentially transferred to third coil 
(4) and fourth coil (5). 

[0075] 

In the aforementioned process, the voltage applied to third coil (4) reaches a maximum at 
resonant frequency f determined by the inductance of third coil (4) and the capacitance of 
capacitive element (23c), and the voltage produced in first coil (2) also reaches a maximum. The 
frequency of AC power supply (1) is adjusted to various values, and the voltage ratio of first coil 
(2) to fourth coil (5), that is, the input/output voltage ratio, is measured and plotted at each value 
by means of an oscilloscope. The curve shown in Figure 9 is obtained, and it can be seen that the 
input/output voltage ratio reaches a maximum at resonant frequency f. 

[0076] 

On the basis of the aforementioned principle, in this method example said resonant 
frequency f is measured when no distortion is present between first coil (27) and second coil 
(28), just as in the method example of Application Example 1. Also, the relationship between the 
capacitance of capacitive element (23c) and the distortion between first pipeline (27) and second 
pipeline (28), that is, to the size of gap, is measured correctly beforehand. 
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[0077] 

After an earthquake when it is believed that distortion between first pipeline (27) and 
second pipeline (28) has occurred, resonant frequency f is measured, and the ratio of resonant 
frequency f measured this time to resonant frequency f originally measured is determined. As 
explained above, because the frequency ratio is inversely proportional to the square root of the 
capacitance of capacitor C (see Figure 4), the amount of deviation between first pipeline (27) and 
second pipeline (28) can be determined from the capacitance of capacitive element (23c) after 
distortion. 

[0078] 

In this sensor signal transmission method, an alternating magnetic field is generated 
outside the isolated region using AC power supply (1) having an adjustable frequency, and an 
induced electromotive force is generated inside the isolated region by said alternating magnetic 
field. This induced electromotive force is used as the electric power to drive capacitive element 
(23c). In conjunction with application of the driving electric power, an alternating magnetic field 
is generated again by the electric power generated on the output side of said capacitive element 
(23c). 

[0079] 

This alternating magnetic field induces an electromotive force again outside the isolated 
region, and the characteristic feature of the induced electromotive force, that is, resonant 
frequency f, serves as the parameter for determination of the presence/absence of distortion 
between first pipeline (27) and second pipeline (28). Determination of the presence/absence of 
actual distortion is performed on the basis of resonant frequency f when the ratio of the voltage 
input from AC power supply (1) to the output voltage, serving as the parameter, becomes the 
maximum. 

[0080] 

In said Application Example 1, the input/output voltage ratio at a prescribed frequency is 
measured, and when said voltage ratio varies due to changes in the soil properties, an error 
occurs in the distortion measurement. In Application Example 2, the frequency is changed to 
various values and the resonant frequency is measured, so that even when said voltage ratio 
varies due to changes in the soil properties, there will still be no influence on the distortion 
measurement. 
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[0081] 

Above, the examples of the devices and methods of Embodiments 1 and 2 and 
Application Examples 1 and 2 have been explained. However, the present invention is not 
limited to these schemes. Within the range with the effects to be described, appropriate 
modifications can be made to realize the objectives of the present invention. 

[0082] 

For example, in said examples, measurement of distortion at joints of iron pipelines 
buried in an underground foundation has been explained. However, it is also possible to measure 
variation in temperature. In this case, instead of strain gauge (13a), a conventional temperature 
sensor is used, or capacitive element (23c) having a temperature coefficient (such as a capacitive 
element having a dielectric sandwiched between first electrode (23 a) and second electrode (23b)) 
may be used. 

[0083] 

Also, the type of isolated region for which the present invention can be used is not 
limited to underground foundations. The present invention can be adopted in various types of 
pipelines, etc., buried in various isolated regions, as described in the "Prior art" section. 

[0084] 

Effects of the invention 

As explained above, according to the present invention, it is possible to easily measure 
prescribed physical states in a prescribed isolated region remotely without providing a conduit or 
protective case leading out the cable, as in the prior art, and without the need to provide and bury 
setting batteries to drive the sensor. Also, when a resistance element is used as the sensor, the 
error due to magnetic coupling between coils can be excluded. When a capacitive element is 
used, it is possible to effectively exclude error caused by variation in properties of the 
underground foundation, etc. As a result, it is possible to measure the physical state with high 
accuracy. 

Brief description of the figures 

Figure 1 illustrates the principle of the constitution of the invention in Embodiment 1. (a) 
is a plan view; (b) is a side view; and (c) is a front view. 

Figure 2 is a diagram illustrating the equivalent circuit of the invention shown in Figure 

1. 
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Figure 3 illustrates the configuration of the first coil and the fourth coil used in the 
invention shown in Figure 1. (a) is a diagram illustrating the case when the fourth coil is 
arranged symmetrically with respect to the central axis of the first coil, (b) is a diagram 
illustrating the case when the first coil is arranged symmetrically with respect to the central axis 
of the fourth coil. 

Figure 4 is a diagram illustrating the equivalent circuit pertaining to Embodiment 2. 
Figure 5 is an auxiliary diagram illustrating the operation of the invention shown in 
Figure 4. 

Figure 6 is a diagram illustrating the constitution of the sensor signal transmission device 
in Application Example 1 of the present invention, corresponding to Embodiment 1. 

Figure 7 is a cross section of the main portion of the sensor signal transmission device 
shown in Figure 6. 

Figure 8 is a cross section illustrating the main portion of the sensor signal transmission 
device of Application Example 2 corresponding to Embodiment 2. 

Figure 9 is a diagram illustrating the frequency characteristics of the input/output voltage 
ratio, for clarifying the sensor signal transmission method in Application Example 2. 

Explanation of symbols 



1 AC power source 

2 First coil 
2a, 2b Terminal 

3 Second coil 

4 Third coil 

5 Fourth coil 
5a, 5b Terminal 

6 AC voltmeter 

a, al, a2 Magnetic field generated by the first coil 

P Magnetic field generated by the third coil 

R Resistance 

SI, S2 Plane of symmetry 

10 Sensor signal transmission device (device example pertaining to Application 
Example 1) 

1 1 First AC voltmeter 

1 2 Second AC voltmeter 

13 Sensor 

13a Strain gauge 
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14 Case 

1 5 Ground surface 

16 Underground foundation 

17 First pipeline 
17a Joint 

1 8 Second pipeline 

19 Mount 

20 Sensor signal transmission device (device example pertaining to Application 
Example 2) 

23a First electrode 

23b Second electrode 

23c Capacitive element 

27 First pipeline 
27a Joint 

28 Second pipeline 
29a First mount 
29b Second mount 




Figure 1 

Key: (a) Plan view 

(b) Side view 

(c) Front view 

a Magnetic field generated by the first coil 
p Magnetic field generated by the second coil 
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Figure 2 
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<x2 Magnetic field generated by the second coil 
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^. «j*^©lt. JR. 35#ttt©rt»JcaH:3ti4fc 
*4. *©SRSftfclWVcaE*«>«l&**£t>. **T- 

«fc*^»l£*^»*©«A3Q: fee <fc -»rJWBWK*ft«Ct 

[0 0 0 3 3 *fc. «±©Bflf9©». I- >*JUKffi J f» 

Mtc£©tniaEHs. sAisa. i»«i«i«c^©±*asH)itc 

* cc «t x ffiigr h B]tm&a> z . 
[00043 c©fcto. ffltfefe. m<p5u,m&®n*i® 



(4) 

5 

*jl>r«. ( 1 ) -b^^tSigiJjE^CClJEL. -€■©*> 
■9-<7)Ui^iST* - T-Jbr-iteicc ? I # ffi o -CHFfSro-fe > 
tHi-*f£f#4A\ (2) -e©B/Tg©-b>-9-fi#£ 

Mice J: •5# i f££}$&©#-ftSfi<J<!:fc (,> 

4. 

[0 00 5] 
■5. 

10006] Sfc. (2) Ofi8«ea|{C«t-5*j£rtt. 

^©as^^i©^!^ <b % 9 . -e ©s^a^iM ia-ot 

SJWteffi * JBffT -5 C £ r * tt t» <fc l >5 MHtf« 4 . 
[0 00 7] CClC*Jt>-C. ^^©(ji^-r^^ss^ 20 
BW(*^©£feO-C*-5. BP 5. *^Bj©^l©gW 

it. *--^5i*aLffl<o**t»fi«*--^*««r* 

*S!a«c apgitaur -s c t © ojfigfc -b **eaarffi 

[000 8] ##69!©SJ2©affJH:. ■fe>-^jB«lffl©a 

fl»ea*ttacfS6K*a«r 4 c t k*4. 
[0009] *»H©ffi©sfta. warn, mm, vnc 30 

««P «Wt©«SH©««|*31©S2tt *» 6firi9!6*»ia 
5-5. 

[0010] 

IBIKIBifc-J-Sfc*©*©] SAW*. ±G8eoK 
jfcCC&fc'J. HlfiffiiCf*i(C. BfB©-fe>-*©{6. C*UC 

5 ■£©-#©=! -OHC«\ fl-SU (.m&mwi) KtBL 

#6£<*t*-C. cn*^iS-fe>-i>-©IE16^i!S£L. 
©a-fjKCtt. (WSi|iWlg«*©EinilK^-3rStt-b^ 40 
*©aaffl«c£C4«afr6£*tt»«6£S-ttr. c 
*i* NBftSl WUCIMi 0 fcffi© 3 KftflT 3 4 £ t > 

[0 0 1 1 ] JMt*jHMacc£|t'<<4&. 3ttBB 

©w«r«. *»w**;xtc3W* 4*<i-eti©if ««c» 

SriiJ&-r4<fc5K:&i**x4. 

[0012] SP<3. *»W*tt©» 1 ©1#S4te. 8fl£© 

R»e««i'itt:»a3 -efcaapjsftK:* i; •2>Bff^©^stx 

»©SEfb*. *©ttW£tt©«lT«:SRl,fc»rJ£©'fe> so 
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-t* . C ©£ifc8BS?J&> 6 KSt&ftJ3l*J «C tec > -c £ 

^j©En/jn«cf$-> rsa-fe >-y-©da^ffliJ«:a i; e> 

HO'£ffifiBI?£l££;*-t*. C©X*»»a><&KieW«tt 
tc*5i,>r?lo ! »WB***«4Si*'C. c©s|ii«am^ 
©# gSriSfflusiafc *> w 4 «ntKS©Sf b©«***!ne 

f -5/ctf)©^'-7> - ^ £ L-CfflC>r^S-b>-^fs^Gi* 

*tt©»atafflcc*s. 

[0013] *^??^©^2 ©trail*, asm 1 ©*$ 
■fe>i»-«-9ea*ffi©iffisaffi«:**. 

[0014] *JHH#ft©*3 ©«*»*. ±ge^2©!f# 

*-C* -> X . *M'J^«Ctett41»gtt@.©^b©W*R© 

Ett(C»-3l>-Ctf -» r «t 4 -fe>1»-«^efiS*ffi©«lfiS» 

[0015] *^^i£©^4 ©w at». ±IS^3©^ 
*«c*jW4«R3R^. »m£4ii©£*tCj£(;T:tt&£i 

fiS»3lia{t 4 -b >-^fi#ei*^S©»R£Sffllc * 

a. 

[0016] *#HI«^©m5©19tt«. ±ie^3©1$ 
SJgCiSH 1 * 5 . «aKE*©fflflE©SC<b«:tt;i;r 
««!Si«*3WE{ b o r * -b > v-m *»eai*tt©flifijE« 

[0017] *l£B^??ffi©S6©!f§§J«. ±fSUS2©# 

fRK*jtt * v > tr- y > ^ *?• *s . tmmmc 
ffl*t«©^t«cic.(;r * + $>xfiSMi^tt5g 

^©t©-c* 0 . tffiHjeatcfct* s»att«©sef t©w 
©«Eit**«*fi* i a <t #©as«wB©«aaBMc*-^ 

[0018] **W»tt©»7©W«tt. ±IB^6©1$ 
«E»*sSC{t tt 4 -b >tfff -^(E^ffi©tiifiJc!Sffl(C * 
[0019] *%9i#&CDflI8©&flkK. ±ie^E6©!HF 

tt«!nliE»*«f b U "C * 4 -b > -^fi^eat^rs^flWifiE 
[0020] --n. *ie^»a©m 1 ©^sjb. Rfs© 

PS£flttfti*lK:#&3 fc^S'JS^k:^ c 4B»iS©«3iIt*: 
SS©Sft*. ^©^^^©SBFftCiSSLfc&TSC-b^ 



&m<D&mm-> 1 ©= a >\>t . 

com i <d=w ^tvmmmsis&mbmiw&zte-? 

©tfJ^flNCC^C &^A>6ff£>'£ij£5af?£f§£-r £35 3 
©n-OUi. C©353©=J-OU£©8aSlffJiiS£ai£feaS 
L. SH©^^©^^^* 
fc«l^Sg^)&:-r«fc^{cFS^im^l2:<I3^. 313© 

£-f S^©^^. 351©:3-fJl-A>e>^4©:3W;U 

[0 02 1] *^WSiaoSI2 ©1$Q![tt. ±1235 1 ©*$ 
8Kcfcl-f£351 ©a -Ok 354©=J^»tftai'l#ttl'J 20 

&£g©«tfiXI3fUB«:*.2>„ 

[0 022] 3(:^^S<D3S3 ©#S*tt. ±1235 1 Xtt 
352©&mW*£j£#t4«'J;efMa#. 31 1 ©n-OI/ 
*^6?l#Hi3nfc^K:^3*i/c3f 1 ©£ijii;SEEit 

1. 354©3-OU*>63ltffl£*ifc^tc8i&3ii>t35 
2©3&£^EEIt<t. *>6fc£iz>-9-{f-«t{5i2£gS©«il& 

[0023] *m*m&(om4<Dwmt. ±123135 1 . 

^2X«m3 0t$S»K:fcwS3l 1 TbSSUCa-Oi/Ai. 30 
Sec v \ss A Ktfr&fr 0-CAj:^-fe>-tf(i-^{£^g(D« 

[0 024] *^Bj^g©3l5 ©*$$[». ±1235 4 ©t# 
S«CfcWS351 (DziJ )\>±m4<T>^4 )lt&. WRCDip 

<iMDm-¥®±icte\.*xmg.rz>& ^icieas tix u 

[00 25] *ffeB^gg©^f6©^Si!«. ±12355©}$ 
StcfeW-smon-Oi/tf. 354©3-OU©4M>fiiK:iM) 40 

[0 026] *^W$|g©Sf7 ©<&8Hi. ±1235 5 ©}# 
SfcccfcW S354©3 31 1 ©n -^JU©^il>f4«cM 

Lttfwcsegs n-c «c s * >-9-«^eii^g©«if!£t* ffl 
[0027] $^$ia©gf 8 <D&mz. ±1235 1 . 35 

2. 313. 314. 355. 35 6Xtt3l7 ©ir&KfeWS-te 

^©^>t--*'>*^*>6&£-fe>-»Hl^ 
£&gg©t8Ji5c??JBK:*£. 50 
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[0 02 8] *#MI3SSie©3&9©t$1&«. ±§235 8 ©1# 

fifth t£h -b >-tff #f£iH^a©«{fiS^ffl{C4> £. 
[0 02 9 ] 1 0©:f$§4tt. ±12319© 

£ ©rate EE^c&lsS 3 *tT ft £ -fe >-*ff ^£j£^E©fc 

[0 03 0 ] :*:|HH£iB©3l 1 1 ©43g*tt. ±12359 © 
^(CfcWSiSfiiS^j&i. 3T2©3^Jl,£^3©3^jU 

£ ©race &mc&m ztixtez ■&>vm^&&m&<Dtit 
[003 i3 *mim&(Dm 1 2©#84tt. ±12359 . 

351 0Xtt351 lC^atCfcWSSCiST-JSS. 

iHi^£j£§£g©**(aiSraK:& 
[0 03 2 ] *^^g©3l 1 3 ©#®tt. ±12359 . 
311 0Xtt3fl 1 ©Office *>-W-5ig^T*i. fc&S'JStfcl 

©ias©^f kec to c xmmtmft&mt? * <=> & 

[0 03 3 ] **H^i?g©Sf 1 4<D&mt. ±12358 © 

wmm<DmtK.fccx*+j^*>?.i&ftwmt?z> 
[0034] ^mmm<Dm 1 5 ©#§*«. ±1235 1 4 

©#«*«: id W-SgSSIT-As. 352©3-<;b£m3©3-i' 
;b £ ©ra K B5"J CC}g,^ 5 n X tt Z -te > Vm -^{ralKS© 

[0 03 5 ] 3f:«BjggcD35 1 6 ©#SS«. ±1235 1 4 
©^ftfttc*jW4ggjR+-*J. 352©=i-C;U£^3©=i-(' 

[003 6 ] *l%^^g©m 1 7 ©!}#$«. ±1235 1 

4. 351 5X1*351 Q<o'&mtiiVz>?8m.m : f-ifi. mm 

50&©ffi* Kit. Dt It «!ntt##9tf tT * 3g^6> Aj: S 
■fe > tffl -^fraHJl£©f«fiStSffl * S . 

[0037] *§iw : mm.<om 1 8 <D^mt. ±1235 1 

4. 351 5X«351 6©!f#§t(CteWSSfi^+* s . »J 

*=> A«£ h Hr > -9-{f^E ^S©««fSffl (C S> S . 
[0038] 

[i%Hj©||J6©ffJse] OT. 

^HJ©^Jg©Jf^JCOl, » x Z> . 

(31 1 BBM) m 1 ( a ) 7b5. ( c ) tt. 35 1 JBSSWJC 
fSS^BJ©mSWt8fi£0. 02 tt. HlJCinT^©^ 
<ffila]S§ll. S3 ( a ) £tf ( b ) tt. HI tc^-f &BS(t 
jm>P>ft&35 1 ©3 -CJU£354©=i -< )Vt<DmWMX&> 

[00393 tr. sinc^fi^ic. c<Dminmm 
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is«^6«i»«iP€:«4rsy f«©» i ©3 

i»«!»*ftrJ:^«cWlft««rt«cBMiSti. *©S1 © 

T47 U^>T FtX©S2©=i-OU3£. C©Jf?2©3W 
^3 «c«IRR*itJ»JK:/rLr«*W«:«aKS *i4 iW* 

**T<fc5 6c»«3ft. *<o*2©3-rju3^6«^s 10 

I^^6BO'5iS»fr^St-r ^ V U / >f Ftt©»3© 
3-OU4£. C©»3©3^JU4£©««fl«rt&£#«fe 
S^ttffiSrttO, 3ll©=i-0!/2£©fiH«iWIS£ 

3 ©a A )l 4 to e>ffe£ 3 *ifcX«B»^6S0«*itS« 
MSit^VI/^^f Ftt©»4 03-fiU5 *10 
3-YJl/23^6»403-fjU5 ^©*»Wttg*1Stt*»J 
S-rSfcftOstSib-C. »4©3-OU5©ttl* (SI* 
tHSti/cii^) «c»«Sti/cS!*WEIte (UI2©£tf£ 20 

[0 04 0] &*>\ H*©fflRRW:. Bf£©ffi&1H4Srt 

o-fe >*©««W«ffi**fflttK:fi3H u/c t> ©r * s . 
$/c, CCDSUiRti, #2©=i-nu3 £»3©=i -oi>4 

[0 04 1 ] CCt, ^1<D=3>C;U2 £S&4©=i-OU5 

Hm©J:9ec % ^©^fi^lHJ— *FiE±K:;tel> 30 
TfcXT*J:9BK3*i. S2©3^;U3 £Sfl3©:3>f 
;U4 <tccoi>Tk t ia?n©J:5K:, 2£#©^<C4ik3P|a]-- 

[0 04 2 ] C©/c*!>, »l(03-<;U2«:jfl!a*ai/r> 
5>©S$MBEE (tga^) -e*©<h#©#fe£B2 

*<»«<ttSJ:3 (?fT«C) IZg<*tt/cSg 2 ©=>-OU3 
K©^, R^ttb£%£<*1*£&JII£tt2. 40 
[0 043] t^i, CORWIgflKitcj: 1 ]. «tSR* 
a->T»3©3-f^4*C«»0*»*l-C. CCtCSrfcttS 

«±©M3<h[H]«£. m©3-f Jl/2©ffM>tt£#2©:3 
^ ;U 3 ©<t»4>« <L CC*t L T ttfBJti fc fi£T * C i tc tt 4 

ttick^ (WK) EiBStifcSU©:!-^ 

[0 044] BP%. S=3-/;bffl©88aWIS^«. » 1 © 
3-OU2 £»2©=i-OI/3 iCDPol Rtf»3©:3 -OU4 50 
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iSE4©3-r;l/5iOffl«C<0*4t>, c*i*>&=i-onffl 

H 1 ©tUfiJEtt. H2©SfflilH]Kra*fiT4C±#r 

[004 5] CO^IiHSS-C^ A W.\<D^4>\s 
2 0^2 a. 2 b «CJSKS« 1 *i€>©&iK*K*EPfln 

Ut. »4©3^iU5©aa j F-5 a . 5 b«c£i8ME#B 
cti*s«»«Elt6CcJ:-5-ctWH3ti4CiK: 
COiJfO. IS1 ©n -OU2^6^4©a-OU 

*©»t*2#tt£*i*ttiT4 c <t*sr* 4. 

[0 04 6] iC5r. Hl©«Ua«C4sc»-C. #l©=i 
-r^2t»4(7)=iYJU5i***0jfi^Wrfirii. IS 
l©3^2©f^»J*©—»*J, S£iR£*I£-t*T 
CC. OS. W4<03-/iU5*c»«IB***»43^ * 
©»taR©«<DK{t©»a«B[t(ST3*'C l^^Ci 
#*4. 

[0 04 7 ] cntJ, — SStC, C(D&<D&f%iI5* 
Itfi'J) ©*§£* fg4©3i^;U5«. »2©n -OU3RC/ 
»3©3^4£ttB*vCKSBS*i4fc©©. #l©=i 

-rji/2cc»j8jfiLriBHsn*/c8&. -£©3f4©:3>(;i/ 

5#. W2©3-YJl/3<D»4ttlf-*>»3©3-/Jl/4©* 
4»SflJ:*)fc. *l©3^^2©»4iBI!toOJB»«: 

[0 04 8 ] 5Eot, H3 (a ) tCinTcfc^CC, II © 
^JfrZoyftgfflfta 1CCJ:0 , fltfg, ^4©n>rJU5 
CCiS«**«R«Shttc»J:5. 1403^^5^:, mi 
CDn A 2 ©*^tt«CM L*f«5tCieS Lft 0 (StftB s 

1) . ScC»«. HH (b) tc^-r^^tc. ^icr)3-<;U 
2©S4fi8Wa2CCj:0 l SS. JB4©3 -T il/5 «CjE» 

^5©*^«CcBBO*t«?CCHlLfc«3 (*t*BSS2) "T 

[0049] «±©EBO«ftffl*»Wrh», ST. [h] 
B (a) CDi££. 83 03^l/©}Jliffa 1 14 

9. »4(D3^;l/5 0£*»i*^irttiefp)*©R 

LT0R3«ga*«-fe'aitcS o — *. EIH (b) ©» 
^, a3©3-rJK0*4«»a2tt. m4<D?<<)lS<D 

CO JB 4 © 3 ^ 5 CC RSMSa* T 5 C t tt a C > . 
[0050] <#2J&Bffl) H4(i. ff2^1BMecft& 
^O^fflfilHlBSia-CA^. H5«. B4 5Csf?T*9j<Df'P 
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fc. co»2»as««c*ji»rtt. tt±©» 1 JBfflw*» 

[005 1] ^1 H4CC^TJ:^tC. C(DI2ESP'I 

<D^>£'^£>;*£ 1 n>f r >1tC©*-^>'£>*£ 
6CJ:0«JE3tiS*fijaiS»*WO. <*6*e t -e©*!§ 

CcStb«-rsci*s-««:»i6tiri»4. S£oT, 3tt 

S/*>**»l*C£#r*. 3 6(t. Sf»<D«l£fi!«{l: 

[0 052 ] icif, C<D»2JBJBWc«S»?Btt. 

-rs. bp%> *r»i«c. ftomBiiittccft&iHBcc 20 

*jt>r. ^lCDn>TjU2Ra : m3(Dr3^;l/4CD^MI? 

8*a*f*4i'raau, -toasstt. s«* ^n*> 

©£tt4. 

[005 3 ] CttJC»U CCDJS2»!B«CC»i*WC 
tt. cnfe«i«*©S5»tcJ:4H»iS*«^<fcrti 30 

tt»tCOl»rtt£{fcSl«cC>. fi£^T. C©»2»JBW 

[0 05 4 ] S/c. C©S2EWfc^^K1i, n 
> 7 s > If C #31 2 CO 3 Y J 1/ 3 £ $ 3 <D 3 -Y J 1/ 4 £ 0 Pfl C C 

tc. 3>f ff >*cwatt«»f*ciffw«:»»3nrc»iia 40 

[0 05 5] EP^, H4K::fcl>T, A. Biao-f>f- 

On ^U{Ctt»£*««#it*ltt< {f-)t. g#<£f*j3I$}fi 
!SCCj:5«fflirF#£Gtt<tt*). COlSflL A. BPel 
tctt, S2O3-rJU3<D*4ffiE£l3»lS<0«E3& J ttIto 

50 
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[0 0 5 6 J-2F. H5ttt. ««JB«ttlC*Jtt4A. 

EPiT^csi^ccao. c©*s^. a, Bfaitcun^ 

*SEW:. ST2©:a^U3©«£*EJ:9fc;MSKffiT 
f S. fefth^, n>T r >-9-C*^2CDn-Y 

Jl/3 £»3<D=i-/^4 £©PJtC365*JCC«arSC£CCj: 
•5. SI ©n^2 6C^£»E**»to3t*4c£#"C 

[0057] 

[0 0 5 8 ] laBfCiSTJ: 5«C. CC0-fe>1fff^ 

*iH9«C. SfflMSl. JBlOn-fJU. $2^>(jl, 
3. JB3©3^^4. ^4<D3^;b5, &0'3£?fi31Ett 

<«»«iBl £©««*.) 3&>63l*a3ti/c4(KFec«tt 

g^tti, 20(D^mElt6. 1 1 *R]MT4;fc». 
A»fflJ6C«*Stite*ti**l CDS£««EH- Mil, 
Hi*fl(fic«5l»snte**i«:W2©ftiit«Ettl 2 (« 

-tor. m2<0^^)l3 £*3<D=i-OM ^PJectt. 
[00 5 9 ] ccr\ ^l<DSc?ffi^lEitl 1RC/S2<D 

52i^aEiti2«. ea«tt«fi*a*«ijaL, c<o^ 

f5£, 3£a«Wl. HOa>f^2 l S^4(D3^;l/ 

5«t. 1 4tciRg^nr, a*cci#tiiv 

rt»s. 

[006 0 I-S, n2<D^4)\;2. &Vm3<D*<f)l> 
4(t -fe>-9-BBl 3<hftCCtt6Tift^l 6*fcaS3n& 

«. HOfi*CC(4iB-r 1 O^SS 1 7©aar* 1 7 a 
CDSH^£ t H02E*CCtasr4W2©S»l 8£OPb14 

[0 0 6 1 ] CCD-fe>tfgRl 1 ©»H0*COt^r«. 07 
^TJ:^CC 4 Sf3Eo-f>t:-y>^a-f £ br. «S'J 
S*©2*«C[CGrl««Ci«c»*««ftTia*y-^ 1 
3a*J«t»6»nrfct). *©— ffl^. ^10^28170 
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381 8<D— SBftcB*3*i4<fco(car>ri»S. fiP^. * 

|g2<D^&gl 8£#fi#*fitcr*i/c»£«C. M^y- 
S^l 3a#{««i*LT. *©«iRffi*«{tT4J:5K: 

C0 0 6 2 ] (mmmmjj&m) «t»r. ia±<o* 

it. Iff 1 CD^SS 1 7 iH2 CD^gg 1 8 £<Dm<Dm&iffl 

[0 06 3 ] glT 1 0<DP§l£$ji 

1 4*. -b>1fgBl 3S£<DtftS:C0 
ffffttc. ffi<6flW904hTttS 1 6*K*&-fe>1«H 
3©±*««eciaBr5t|li«l SHOWS 
1 7 £JB2©Wgl 8 <!:©PdICC2**s±Dri>ftC»«;SS 

<DtZ<DAJ]mK.t&J]mEE£<DltZ. Iff 1 CD£ffiHE 
It 1 1 OlhtrM tm2 OS«*Elt 1 2 cDjg^ffi i * 6 

[ 0 0 6 4 ] ZLX . *89©«r, SH 1 OttH 1 7 4 

4. CCD<h£, ^lelilJ3EL/cAUl*aBEJ:t3&«S4W»J£L 
fc«I£S«CoTl>*itf. *lC0tlBl7i82©tBl 

[0 06 5 ]o$i3 t C©fc>tHMfi^#S5-Ctt. - 

■WiafcaWMfeSttT, cti*S»y-i/ 1 3 a®K 
1/1 3 aom*fliJ{c*t;*«*^6SWfti«fi8lf*j6^ 
[0 066] C<OSt«H»^6Pil6«Bl«»tC*Jl»rWiy 

5, ffi^aE^CDfcO^r, SH ©MS 1 7 £312 ©BBS 
1 8 t<Dmom&<DGte£W&'f&tc#><D'*5jt-Z£ 

^ A*aff 4 ; > s m - * 4 ar a*aE & <ott^c s-?t * 

[0067 ] ftfc. »l<0=i^JU2 4»2Cr>=i-YJI/3 4 

©rb©b&»w*S£. aa f *3©3-r;i/4i»4<03^ii/ 

-X 1 4rt©»l©n-rJl/2tCO( r »rtt. ifcTi6ffil6 

4 I cc^>4^2(D^^;U3<Dit±ifiStc{ig$i±, 

1 4rt©W4©=J-r;U5CCOl>'Ctt 1 tfeTife2Sl 6*tC 

[0 06 8 ] b^U. C<D»E«fP*SlH«:!f^tc«. 
^2CD3-r;U3ao'^3(D3^;l/4<Dii!iTii6Sgl 6*^ 
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en*. ^^u-^Wftfrtftiii 5ccfftfrte<i<fc 

l». *lt, »2©3^JU3aV»3<03-ril/4*. jg 

?f«E*<c-r^-^ 14*1 offlfi-rti«. cn^sffi 

[0 0 6 9] ft*. «±ORK»ffi7?fBK: fe. fSBSffJfc 

#ati/t. w^-tf. 1 4*msccjgtti/tt*j 

10 6. *©±*fc*¥#|fiJ^W>->< "J4Hli3«r. 312 
©3t*aEttl 2*»fe*Sl*IS*fll4a*jS«:mttL, 
cntCctO, ^l©:a^;U2£jB2<D:a^l/3<h©|ID. 
RO'» 3©=J-OU4£*4©=i-Ol>5<!: CDPal *©E^¥tf 

[0 0 7 0] (ff2XttMa)«IH) H8». *2JftB 
«cc#!6^4#*M©*2*tt«l«:ffS-fe>-9-|i#ea 

saosspKBiarfti. a*, coai2 3(tKfflccffi« 

[0 07 i] faiacc^-rctocc, ccc>-b>^ff-^e^ 

T^>3>f>^2 3 ca*ffil>6*lTte9* -e<D5£ 
©Sn©affi2 3a#. *1©BM*#2 9 a*FHiC/j>L 
30 oo, Jg 1 C0^5g2 7cD3Ht^*#2 7 a C0-gBtcH»$n 

[0 0 7 2] S2©lfi2 3 bCCOOi-Cti, ^2<D^« 
S2 9bWc/r0oo k »2®Si»2 8<D— SHCB# 

2 0tC*5t>r«, S10BH2 7<fc»2©B882 8 4*i 

«**fli«crhfcai^«c fc 3>f>i^si2 3ctc^ 

€>micoai52 3ai^2CDa@2 3 biO*f|fi|ffia^ 

40 [0 0 7 3] (W2SOfc«©*tt«> «i»r. «±©«k 
CC. ^lCD^g2 7i^2<DW8g2 8iOPflcDM^*a , J 

*-fe>*«^fi5as*tt*»9iir*fc«>«)Aa*«aEih© 

[0 0 7 4] ^-tr>^fi-^(E^Sg2 OCD^ 1 
2CC«*aE*ttI*A:ll«. -e<D|fe*®^^2<D3>r 
JU3Jcai/r»il«Ba**«ftS*. «T. Bffj«L/cJB 
HtJSW^HtiK:. »3©3-Til/4. S4(D3^^5- 

so 4. m^. x*;^-3&seasti*. 
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[o 0 7 5 ] «±©3aetctet,»-c. S3©3-{ju(cjo 
>7 : '^D-mm2 3 ciD+t^j^i-cassn^ 

ffiJU&Sitf rS;«c4fr«J. -£©4 £©311 ©=J-Ol<2© 

%&.'m.±>fkk£ti* ) . fcr. siA«aR i <Dmm$L* 
it. EPft. AtfJ^matb*. *^D^3-7 - ra"JSor 

7"D v h L"Ct»< 4. 09{C^-f«fc*>fcflia;W$*>*x. 
StSJI&lfcf ccfcc>-c. ^©Aib^Etb -5 

c<t*5a»?$<i^>. io 
C0 076] «±©JFJM{cg-3&. *^rtt«rtt. * 

r. »l©3e»ffl(C*5W*»ffi«|4BI«. *1©*R2 

7 43S2©<g8S2 8 4©HKai*#£CTl>*a>tt«= 

■c. ±&<oim.mm&.f *sij£i,Tfe<. 

>-y-S3R2 3 c©*-t.;"t->SO*4. Hll© J g?S2 7 4 
8l2©S8S2 8 4©fyi{CM#. BPft. -f*-lg4©IW(& 

[0 07 7 ] *0"C. «W»©ar. Iltl ©1882 7 4 
Jg2©lfSS2 8 i©ratC^**i^DA:<!:S*?n-2><!:#«: 

©++^-->^>*©^!SJCSi:bl5!|-rSC<t*^. C© 
C4J:9. I*i©3>f>tgS2 3c©*t^^ 
BPft. ^1©^SS2 7 4m2©'gf82 8<t©ra© 

[0078] -^s<3. c©*>mea#arH:. oj 
©igism^jtL. c©.!g»bm*©EnjjDw:f*^t:^igr3> 

[0 079] C©£tt^fe6M6Mi«tttC*}k>TffCJ' 

^*im^«rlfe*3-tf-C. C©R3SS«*©«fH. IP 

immmsnf *. sbi©«b2 7 4jii2©*b2 8 

4©Rg©^*©Wfc£«eT£>t«>©>'"C-7> - 

H^©2*©W35R©^W. 5S«E®8U «:«fcSA 
4 > < * > - * * fcf U# «E £ ©tt % & 
£4*©*iIJazKSjif «:S-3(.»-Ctf ^towr*s. 40 
[0 08 0] fcfc. ffTK©* 1 Xttffl-Ctt. -^SiSife 
r©Affl;frmEtb*8'J5£0-Ote<3. ±K©Xfl:<cj:9g 
tt»EJt#^«>T£ 4 . S#8MS«cSiS*«£ or L S -5 
**. C©J*2*teW"Ctt, JHtttt««4K<b$«r^lS 

[0 08 1] «±. *JJMKO«. * 1 RC**2 jgas 
W. *cf«:3!iRc«l!2lltt««:«attii«sw^rS« 

{cotSiipiOfcai. ^HJfi. !£>ri/t±j$©*ftcc© 
*BSSti4fc©-Ctt«c<. *l8W«:«.>9BWtafiS so 
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l. ttjfir*s*»*wr5«sHrttc*ji»r. sua. 

[0 0 8 2 ] pijxti. SSS^r«. ittT»«1'«:aRS 

iME©a<b<c4**>iiJSrsc4#-c**. c©ig£. M 
*y-i?i 3aKft;LTiI5r©Sg-te>1f ; &f8l< i fc , 3. 
:3>-r>-?gjfl2 3 c 4 OTiaKffi*fc*4>oi© (Wit 
tf . » 1 ©SIS 23atI2 ©Sfis 2 3 b 4 ©ffltcSfS 

[008 3] *&. auw^*ira«i*©«swKcrH» 
rfc. JftTiftfl5{ciEJ£3tt4<>©-ett&< . rse*©& 
Wj ©«B-C*0fc«*©IWft*l«*j«:aK3*i»4« 

*©eb3f«:mu *«w«jSfflojfi6«ct©-c*a. 

[008 4] 

ae*©* - -fjm i # m u «©*«*»{»«*■ - * *sasr 
*!2«sw». •fe>-^iEiiiffl©m?ife?raga:-r*£>SA i %<. 

3f3£©HStft«J|)(rtK:fcWaBf3£©«5ffl«aS*lflIffi«caR8 
tHH-*-SC4#?JIB4%S. Lfrfc. fe>-0-4l/T&£i 

». Jfift«©tti^<t£J:&BUe6»JIWKllH*3ft. 
[Hffi©n*ttKH] 

[0 1 ] * l«ffiMtcfli&^©rafiWttBrft9. 

( a ) tt^pffiia. ( b ) itmmm. ( c ) utiEffiisr* 
•s. 

[12111 CC*vr&ifl©«flSiaigia'C*«. 

[0 3] 0 i (cinr*wcfln,>6n-&ssi ©=>-f^4ig 

4©=J-OU4©iSg0T-*»). (a) ti. ^1©3^;U 
©*h:*{C« ©a -f nt*tt&tCKK Ufci§££^ 
T0. ( b ) «. ^4©n^JU©c|3^li6tCR|L^l©3 

[04] »2^ffiM(Cffi««^©9fliaKB-C*2. 
[B5] B5». H4«:fli-r*W©f^ffl*»iMr*te* 

©ffittST**. 

[B6]S1 »«««:»jC-r4**?a©JII 1 XiKflltcffi 

s -fe >-9-ff #ed*^g©«sE0 r * . 

[07] 0 6ic^-r-fe>if{f^eiii^g©sg|j»iffi0-c 

[08] JR2^.«M(c»ie;r«*%W©lll2Xttfflec<« 

«-b>-9-fli<»ea»B©»»iiirnHr*«. 

[09] *2*ttWK«S-fe>*tt-*£»^£IM!T 

*fc«>©Aia*«Eifc©ffl««i*fflar* 4. 

1 -X8fcffi® 

2 - Ml ©n-f ^ 

2 a. 2 b-m* 

3- M2©=iW;U 
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5- »4©=>-OU 
5 a, 5 b— HiF- 

6- 3t»*EEIt 

a, al, a2-"JB 1©3-<JU<D«£B8?|1 
S 1 . S 2- -*Hfcffi 

•m i ©x**bew- 

■»2©3i««EEIt 

•s^y-s; 



1 0- 

1 1 • 

1 2- 
1 3- 
1 3 a- 
1 4-y-X 

i 5 -iaa 
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1 7 - w i ©bb 
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1 8-»2 0ygJ8 
1 

2 0—b>-9-«#ea*SiB (»2* 
2 3 a - -mKDWM 

2 3 b-aB2<^«ffi 
2 3 c -rOf^-yjMR 
10 2 7-9n©SH 

2 8-»2<D«B 
2 9 a-»l<Z>Rttfc 
2 9 b-»2C0tt«fi 
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